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BASIC-ABSTRACT: 

NOVELTY - Piezoelectric ceramic positive octagon board (11) 
is divided into 

input and output units (12,13) along the thickness direction. 

Input unit (12) 
has internal electrodes (15a, 15b) laminated alternately. 
Output unit (13) has 

internal electrodes (16a, 16b) laminated alternately. 
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Polarization of the 

internal electrodes of the input and output units are 
performed along the 

thickness direction. DETAILED DESCRIPTION - An INDEPENDENT 
CLAIM is also 

included for driving method of piezoelectric transformer. 

USE - For portable TV, notebook type personal computer and 
various portable 
electronic devices . 

ADVANTAGE - Achieves size reduction, enables mass production 
and has a thin 

shape. DESCRIPTION OF DRAWING (S) - The figure shows the top 
view and the 

partially enlarged view of the piezoelectric transformer and 
the stress of the 

piezoelectric transformer in the primary oscillation mode. 
(11) Piezoelectric 

ceramic positive octagon board; (12) Input unit; (13) Output 
unit ; 

(15a, 15b, 16a, 16b) Internal electrodes . 
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CLAIMS 



[Claim(s)] 

[Claim 1] The input section which has two or more electrodes with which the laminating of the electrode was carried out to the 
electrostrictive ceramics layer by turns so that phase opposite might be carried out in the thickness direction in a piezo-electric 
ceramic regular-polygon plate, It is the piezoelectric transformer which is similarly equipped with the output section in which an 
electrostrictive ceramics layer and an electrode have two or more electrodes by which the laminating was carried out by turns in 
the thickness direction so that phase opposite may be carried out, and is characterized by carrying out polarization of said each 
inter-electrode one in said input section and said output section in the thickness direction of said piezo-electric ceramic 
regular-polygon plate. 

[Claim 2] The input section which has two or more electrodes with which the laminating of the electrode was carried out to the 
electrostrictive ceramics layer by turns so that phase opposite might be carried out in the thickness direction in the central field of 
an electrostrictive ceramics regular-polygon plate, It has the insulating ring domain which does not have an electrode on the 
outside, and the output section which has two or more annular electrodes with which the laminating of the electrode was carried 
out to the electrostrictive ceramics layer by turns so that phase opposite might be further carried out in the thickness direction on 
the outside. Said each inter-electrode one in said input section and said output section is a piezoelectric transformer characterized 
by carrying out polarization in the thickness direction of said electrostrictive ceramics regular-polygon plate. 
[Claim 3] The output section which has two or more electrodes with which the laminating of the electrode was carried out to the 
electrostrictive ceramics layer by turns so that phase opposite might be carried out in the thickness direction in the central field of 
an electrostrictive ceramics regular-polygon plate, It has the insulating ring domain which does not have an electrode on the 
outside, and the input section which has two or more annular electrodes with which the laminating of the electrode was carried 
out to the electrostrictive ceramics layer by turns so that phase opposite might be further carried out in the thickness direction on 
the outside. It is the piezoelectric transformer characterized by carrying out polarization of each inter-electrode ones in the 
thickness direction of said electrostrictive ceramics regular-polygon plate in said input section and said output section. 
[Claim 4] The drive approach of the piezoelectric transformer characterized by making this piezoelectric transformer drive by 
the primary path breadth oscillation mode of said electrostrictive ceramics regular-polygon plate in the approach of driving a 
piezoelectric transformer according to claim 1 . 

[Claim 5] The drive approach of the piezoelectric transformer characterized by making this piezoelectric transformer drive by 
the primary path breadth oscillation mode of said electrostrictive ceramics regular-polygon plate, or the 3rd path breadth 
oscillation mode in the approach of driving a piezoelectric transformer according to claim 2 or 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the piezoelectric transformer which used the direction vibration of a path for I/O 

in the electrostrictive ceramics regular-polygon plate, and its drive approach. 

[0002] 

[Description of the Prior Art] In order to begin pocket television and a notebook sized personal computer and to supply direct 
current voltage to these devices with the spread of various pocket electronic equipment, a commercial alternating current 
electrical potential difference is used as a power source, and the output **** AC/DC adaptor is used in direct current voltage, the 
volume affects the conversion efficiency of an AC/DC adaptor greatly in the electronic parts used for the AC/DC adaptor — 
electromagnetism — it is a transformer, efficient-izing to recently and an AC/DC adaptor, the reduction in the small back, and 
electromagnetism ~ reduction of a noise and the demand of a low power increase, it changes to an electromagnetic transformer, 
and examination of the piezoelectric transformer which uses energy 1 of mechanical vibration as a conversion medium is made. 
Although IMPI 1 dance matching with a piezoelectric transformer output impedance and a load is important for the effectiveness 
of a piezoelectric transformer, input IMPI 1 dance of the various pocket electronic equipment connected to the output section of 
an AC/DC adaptor is several [ about ] ohms to about dozens ofohms. Output IMPI 1 dance of a piezoelectric transformer can be 
found like the formula shown in following several 1 with each frequency omega (=2pif) and the output side braking capacity 
Cd2. 
[0003] 
[Equation 1] 

R=1/a)Cd2 

[0004] It is set to Cd2=22nF as an example here at the time of R= 60 ohms and f= 120kHz. In order to secure such a big braking 
capacity in the piezoelectric transformer for AC/DC adaptors of a practical dimension, the laminated structure by the 
confrontation internal electrode is needed. 

[0005] As an example of the structure which adopts a confrontation internal electrode as an output side, the structure which the 
direction of a laminating of an internal electrode and the ceramics makes the thickness direction can be considered, using the 
direction vibration of a path of an electrostrictive ceramics disk. The primary path breadth oscillation mode has the highest 
electromechanical coupling coefficient among the various oscillation modes, and has the advantage that a frequency constant is 
further the highest. It is the output power POUT of a piezoelectric transformer here. It asks with a formula as shown in following 
several 2. 
[0006] 
[Equation 2] 

PouiKKef f 2 xv 2 xf x m 

[0007] It is keff here. An effectual electromechanical coupling coefficient and V of the velocity of vibration and f are [ drive 
frequency and further m ] the mass of a transformer. When the primary path breadth oscillation mode kr is used from the 
above-mentioned several 2, it is the effectual electromechanical coupling coefficient keff. And from drive frequency f becoming 
large, the same output power is realizable by the smaller volume as compared with other oscillation modes. Furthermore, since a 
configuration is disc-like, it is possible to be the low back and to radiate heat more efficiently in lost calorific value upwards. 
[0008] 

[Problem(s) to be Solved by the Invention] However, when dividing [ 1st ] a disk in the thickness direction and preparing the I/O 
section as a demerit in the case of using the primary path breadth oscillation mode, since the distance between I/O is approaching 
extremely, it is mentioned that the joint capacity during I/O becomes large and the resistance over a conduction noise becomes 
small. As the 2nd demerit, edge surface distance during I/O cannot use for power sources (also for 2-3mm and reinforced 
insulation, with the power transformer for AC/DC adaptors, about 0.5mm is usually the need) very small. As the 3rd demerit, 
disc-like structure has complicated manufacture and requires many processes. 

[0009] the purpose of this invention - a thin shape - low - it is offering the drive approach of providing, after securing the 
distance for insulation during I/O of a **** laminating mold piezoelectric transformer, and its laminating mold piezoelectric 
transformer. 
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[0010] 

[Means for Solving the Problem] The input section which has two or more electrodes with which according to this invention the 
laminating of the electrode was carried out to the electrostrictive ceramics layer by turns so that phase opposite might be carried 
out in the thickness direction in a piezo-electric ceramic regular-polygon plate, It has the output section whose electrostrictive 
ceramics layer and electrode have similarly two or more electrodes by which the laminating was carried out by turns in the 
thickness direction so that phase opposite may be carried out. The piezoelectric transformer characterized by carrying out 
polarization of said each inter-electrode one in said input section and said output section in the thickness direction of said 
piezo-electric ceramic regular-polygon plate is obtained. 

[001 1] Moreover, the input section which has two or more electrodes with which according to this invention the laminating of 
the electrode was carried out to the electrostrictive ceramics layer by turns so that phase opposite might be carried out in the 
thickness direction in the central field of an electrostrictive ceramics regular-polygon plate, It has the insulating ring domain 
which does not have an electrode on the outside, and the output section which has two or more annular electrodes with which the 
laminating of the electrode was carried out to the electrostrictive ceramics layer by turns so that phase opposite might be further 
carried out in the thickness direction on the outside. The piezoelectric transformer characterized by carrying out polarization of 
said each inter-electrode one in said input section and said output section in the thickness direction of said electrostrictive 
ceramics regular-polygon plate is obtained. 

[0012] Moreover, the output section which has two or more electrodes with which according to this invention the laminating of 
the electrode was carried out to the electrostrictive ceramics layer by turns so that phase opposite might be carried out in the 
thickness direction in the central field of an electrostrictive ceramics regular-polygon plate, It has the insulating ring domain 
which does not have an electrode on the outside, and the input section which has two or more annular electrodes with which the 
laminating of the electrode was carried out to the electrostrictive ceramics layer by turns so that phase opposite might be further 
carried out in the thickness direction on the outside. In said input section and said output section, the piezoelectric transformer 
characterized by carrying out polarization of each inter-electrode one in the thickness direction of said electrostrictive ceramics 
regular-polygon plate is obtained. 

[0013] Moreover, according to this invention, the drive approach of the piezoelectric transformer characterized by making said 
piezoelectric transformer drive by the primary path breadth oscillation mode of said electrostrictive ceramics regular-polygon 
plate or the 3rd path breadth oscillation mode is acquired. 
[0014] 

[Function] the piezoelectric transformer of this invention - a thin shape - low it becomes possible to provide, after securing 
the distance for insulation during I/O of a **** laminating mold piezoelectric transformer. 

[0015] Furthermore, it becomes possible to offer a piezoelectric transformer with the same property as the above in the easy 

regular-polygon plate configuration of manufacture. 

[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the 1st of this invention is explained with reference to 
drawing 1 . The dimension of the piezoelectric transformer concerning the gestalt of this operation is the forward octagon whose 
piece is 7.7mm, and is 2.3mm in thickness. Drawing 1 (a) is the top view (a dotted line is an internal electrode pattern) of the 
piezoelectric transformer concerning the gestalt of this operation, those with a sectional view and drawing 1 (c) drawing 1 (b) 
indicated the internal structure of the piezoelectric transformer of drawing 1 (a) to be are the partial enlarged drawing of drawing 
J_ (b), and drawing 1 (d) is the stress of the piezoelectric transformer of drawing 1 (a), and a displacement distribution map. An 
internal electrode pattern is divided into what functions as the input section 12, and the thing which functions as the output 
section 13, is carried out in the thickness direction of the piezoelectric transformer forward octagon plate 1 1 2 ****s, and is 
prepared in it, respectively as shown in drawing 1 (b). 

[0017] In the central field of the boundary of the input section 12 and the output section 13, the insulating region 14 of the 
ceramics of the shape of a forward octagon with a thickness of 0.3mm which does not have an electrode is arranged. As shown in 
drawing 1 (b), the internal electrodes 15a and 15b for an input are arranged, the laminating of an electrostrictive ceramics layer 
and the internal electrode for an input is carried out to the input section 12 by turns so that phase opposite may be carried out in 
the thickness direction in the central field of the electrostrictive ceramics forward octagon plate 1 1, and as the arrow head in 
drawing 1 (c) shows, polarization is carried out in the thickness direction. The input section is the laminated structure of one 
layer. As well as the output section, the internal electrodes 16a and 16b for an output are arranged, and polarization is mutually 
carried out to the reverse sense in the thickness direction the one layer of every thickness directions. The output section is the 
laminated structure of four layers. Polarization performed both I/O with the field strength of lkv/n]m in the 150-degree C silicone 
oil. 60 ohms of load resistance are connected to the output side of the piezoelectric transformer made as an experiment, and the 
result of having measured a vibrator constant and power characteristics is shown in the following table 1. 
[0018] 
[Table 1] 
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[0019] In the above-mentioned table 1, the vibrator constant and power characteristics in a ********-iik e bear are displayed on 
an upper case in the vibrator constant at the time of very small vibration, and are displayed on the lower berth in the load, fr is 
resonance frequency and Cd2 is output side braking capacity and Qm2 here. An output side mechanical quality factor (quality 
factor) and gamma 1 show an input-side capacity factor, and gamma 2 shows the output side capacity factor. 
[0020] Next, the gestalt of operation of the 2nd of this invention is explained with reference to drawing 2 . The dimension of the 
piezoelectric transformer concerning the gestalt of this operation is the forward octagon whose one side is 7.7mm, and is 2.3mm 
in thickness. Drawing 2 (a) is the top view (a dotted line is an internal electrode pattern) of the piezoelectric transformer 
concerning the gestalt of this operation. Those with a sectional view drawing 2 (b) indicated the internal structure of the 
piezoelectric transformer of drawing 2 (a) to be, Drawing 2 (c) is the partial enlarged drawing of drawing 2 (b), drawing 2 (d) is 
the stress in the primary oscillation mode of the piezoelectric transformer of drawing 2 (a), and a displacement distribution map, 
and drawing 2 (e) is the stress in the 3rd oscillation mode of the piezoelectric transformer of drawing 2 (a), and a displacement 
distribution map. 

[0021] Two ****s of internal electrode patterns are carried out in the direction of a periphery of the piezoelectric transformer 
forward octagon plate 21 through an insulating region 24, and they are prepared in it as shown in the internal electrode pattern 
shown by the dotted line of drawing 2 (a). The internal electrode pattern of a center section functions as the input section 22, and 
the internal electrode pattern of the boundary region functions as the output section 23. The insulating region 24 of the ceramics 
which does not have an electrode is arranged in the border area of the input section 22 and the output section 23. 
[0022] As shown in drawing 2 (b), the internal electrodes 25a and 25b for an input are arranged, and the laminating is carried out 
to the input section 22 by turns so that an electrostrictive ceramics layer and the internal electrode for an input may carry out 
phase opposite in the thickness direction in the central field of the electrostrictive ceramics forward octagon plate 21. As the 
arrow head of drawing 2 (c) shows, polarization of inter-electrode is carried out to the reverse sense the one layer of the whole 
thickness directions. 

[0023] The shape of an edge and the annular internal electrodes 26a and 26b for an output are arranged, and the laminating is 
carried out to the output section 23 by turns so that an electrostrictive ceramics layer and the internal electrode for an output may 
carry out phase opposite in the thickness direction in the periphery field of the electrostrictive ceramics forward octagon plate 21. 
As the arrow head of drawing 2 (c) shows, polarization of inter-electrode is carried out to the reverse sense the one layer of the 
whole thickness directions. Said inter-electrode polarization performs both I/O with 1 kv/mm field strength in a 150-degree C 
silicone oil. 

[0024] 60 ohms of load resistance are connected to the output side of the piezoelectric transformer made as an experiment, and it 
is shown in Table 1 which described above the result of having measured the power characteristics in a vibrator constant and the 
primary path breadth oscillation mode. 

[0025] Next, the gestalt of operation of the 3rd of this invention is explained with reference to drawing 3 . The dimension of the 
piezoelectric transformer concerning the gestalt of this operation is the square whose piece is 20mm, and is 2.3mm in thickness. 
Drawing 3 (a) is the top view (a dotted line is an internal electrode pattern) of the piezoelectric transformer concerning the 
gestalt of this operation, those with a sectional view and drawing 3 (c) drawing 3 (b) indicated the internal structure of the 
piezoelectric transformer of drawing 3 (a) to be are the partial enlarged drawing of drawing 3 (b), and drawing 3 (d) is the stress 
of the piezoelectric transformer of drawing 3 (a), and a displacement distribution map. An internal electrode pattern is divided 
into what functions as the input section 32, and the thing which functions as the output section 33, is carried out in the thickness 
direction of the piezoelectric transformer square plate 312 ****s, and is prepared in it, respectively as shown in drawing 3 (b). 
[0026] In the central field of the boundary of the input section 32 and the output section 33, the insulating region 34 of the 
ceramics of the shape of a square with a thickness of 0.3mm which does not have an electrode is arranged. As shown in drawing 
3 (b), the internal electrodes 35a and 35b for an input are arranged, the laminating of an electrostrictive ceramics layer and the 
internal electrode for an input is carried out to the input section 32 by turns so that phase opposite may be carried out in the 
thickness direction in the central field of the electrostrictive ceramics square plate 31, and as the arrow head in drawing 3 (c) 
shows, polarization is carried out in the thickness direction. The input section is the laminated structure of one layer. As well as 
the output section, the internal electrodes 36a and 36b for an output are arranged, and polarization is mutually carried out to the 
reverse sense in the thickness direction the one layer of every thickness directions. The output section is the laminated structure 
of four layers. Polarization performed both I/O with the field strength of lkv/n]m in the 150-degree C silicone oil. 60 ohms of 
load resistance are connected to the output side of the piezoelectric transformer made as an experiment, and the result of having 
measured a vibrator constant and power characteristics is shown in the above-mentioned table 1. 

[0027] Next, the gestalt of operation of the 4th of this invention is explained with reference to drawing 4 . The dimension of the 
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piezoelectric transformer concerning the gestalt of this operation is the square whose one side is 20mm, and is 2.3mm in 
thickness. Drawing 4 (a) is the top view (a dotted line is an internal electrode pattern) of the piezoelectric transformer concerning 
the gestalt of this operation, those with a sectional view and drawing 4 (c) drawing 4 (b) indicated the internal structure of the 
piezoelectric transformer of drawing 4 (a) to be are the partial enlarged drawing of drawing 4 (b), and drawing 4 (d) is the stress 
in the primary oscillation mode of the piezoelectric transformer of drawing 4 (a), and a displacement distribution map. Two 
****s of internal electrode patterns are carried out in the direction of a periphery of the piezoelectric transformer square plate 41 
through an insulating region 44, and they are prepared in it as shown in the internal electrode pattern shown by the dotted line of 
drawing 4 (a). The internal electrode pattern of a center section functions as the input section 42, and the internal electrode 
pattern of the boundary region functions as the output section 43. The insulating region 44 of the ceramics which does not have 
an electrode is arranged in the border area of the input section 42 and the output section 43. 

[0028] As shown in drawing 4 (b), the internal electrodes 45a and 45b for an input are arranged, and the laminating is carried out 
to the input section 42 by turns so that an electrostrictive ceramics layer and the internal electrode for an input may carry out 
phase opposite in the thickness direction in the central field of the electrostrictive ceramics square plate 41. As the arrow head of 
drawing 4 (c) shows, polarization of inter-electrode is carried out to the reverse sense the one layer of the whole thickness 
directions. 

[0029] The shape of an edge and the annular internal electrodes 46a and 46b for an output are arranged, and the laminating is 
carried out to the output section 43 by turns so that an electrostrictive ceramics layer and the internal electrode for an output may 
carry out phase opposite in the thickness direction in the periphery field of the electrostrictive ceramics square plate 41. As the 
arrow head of drawing 4 (c) shows, polarization of inter-electrode is carried out to the reverse sense the one layer of the whole 
thickness directions. Said inter-electrode polarization performs both I/O with 1 kv/mm field strength in a 150-degree C silicone 
oil. 

[0030] 60 ohms of load resistance are connected to the output side of the piezoelectric transformer made as an experiment, and it 
is shown in Table 1 which described above the result of having measured the power characteristics in a vibrator constant and the 
primary path breadth oscillation mode. The appearance configurations of a piezoelectric transformer differ as compared with the 
above-mentioned gestalt of the 2nd operation, and also the gestalt of this operation from a structural standpoint is the same here. 
[003 1] The same effectiveness is acquired even if it makes it drive by the 3rd oscillation mode, although it is the example which 
made both the input side of the piezoelectric transformer concerning the above-mentioned gestalt of the 1st - the 4th operation, 
an output side, or I/O drive by the primary path breadth oscillation mode of said electrostrictive ceramics disk and said 
electrostrictive ceramics square plate, respectively. In addition, the stress in the 3rd path breadth oscillation mode which can set 
the above-mentioned piezoelectric transformer concerning the gestalt of the 2nd operation, and a displacement distribution map 
are shown in drawing 2 (e). 

[0032] In addition, with the gestalt of the above-mentioned 2nd and the 4th operation, the input sections 22 and 42 are formed in 
the central field of the electrostrictive ceramics forward octagon plate 21 and the electrostrictive ceramics square plate 41, 
respectively. Although the output sections 23 and 43 are formed in the periphery field of the electrostrictive ceramics forward 
octagon plate 21 and the electrostrictive ceramics square plate 41, respectively, as long as the suitable number of laminatings and 
area are obtained, the input section may be prepared in a periphery field and they may prepare the output section in a central 
field. 
[0033] 

[Effect of the Invention] according to the piezoelectric transformer of this invention, an input side, an output side, or both sides 
used the primary path breadth oscillation mode kr - small - low - it becomes possible to offer the piezoelectric transformer 
excellent in **** mass-production nature. 



[Translation done.] 
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